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INTRODUCTION 

In the past loose smut in baiiej", caused by I'stilago nuda (Jens.) 
Kell, and S\v., generally speaking, has been considered amenable to 
control only by the hot-water treatment. In some barley varieties it 
has been controlled, or the percentage of infection greatly reduced, at 
times by the use of formaldehyde or various organic mercury solu- 
tions. In 1914, Johnson (5)' reported that a 0.3 per cent solution of 
40 per cent formaldehyde (1:320) had reduced loose smut in barley to 
a slight trace.^ In 1918 Humphrey and Potter (4) intimated that 
barley loose smut could be controlled or its occurrence reduced by the 
use of formaldehyde. Tisdale et al. {18) reported in 1923 that formal- 
dehyde was as effective as hot water in the control of loose smut in 
six varieties of winter barley. In 1925 Tisdale et al. {19) reported 
that satisfactory control of loose smut in Wisconsin Winter, Orel, and 
Tennessee Winter barleys had followed the use of organic mercury 
solutions. Rodenhiser and Stakinan {H) reported in 1925 that they 
had reduced loose smut of barley from 7 per cent to a trace by the use 
of organic mercurj' solutions at 45° C. In 1926 Conners (i) reported 
that organic mercury solutions at ordinary temperatures failed to con- 
trol loose smut in Junior (hull-less) barley and only partly controlled 
it at 45° C, but that the modified hot-water treatment eliminated it. 
Kirby {6, f). 50-53) stated in 1927 that soaking the seed in formalde- 
hyde or organic mercury solutions controlled loose smut in 6-row 

' Italic numbers in parentheses refer to Literature Cited, p. 18. 
^ This was in Oderbrucker barley Wisconsin Pedigree No. 9.   The controls contained 5 to 6 per cent oí 

loose smut. 
fllrt!4-32 1 
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winter barley and reduced its occurrence in certain 6-row spring 
varieties. 

In 1929, Howitt and Stone '-^ reduced the percentage of loose snuit 
in (). A. C. No. 21 barley from 10 per cent to 4, 2, and 1 per cent with 
solutions of fornuildchyde, Seniesan, and Uspulun, respectively. 

These few citations indicate that loose smut of barley generally has 
been found more dilHcult to control than any other cereal snmt except 
loose smut of wheat. Dust fungicides have not been considered 
effective for the control of this disease and up to the present time 
seldom have been used for this purpose. 

In the fall of 1926 field experiments were started at the Arlington 
Experhnent Farm, Rosslyn, Va., to test the eHicacy of certain fungi- 
cidal dusts in the control of covered snmt and stripe disease in Ten- 
nessee Winter Í)aiíey. It was observed, during the firet year of these 
experiments, that these dusts also reduced considerably the incidence 
of loose snuit, which occurred to a slight degree in this variety. 
Ther(>fore, data were taken on the control of this disease in this variety 
of barley, and further seed-treatment experiments with this and other 
varieties were later conducted in order to investigate the possibilities 
of controlling loose snuit, as weU as other diseases of barley, by means 
of dust fungicides. 

METHODS   AND   MATERIALS 

The general procediue followed by the writer in seed-treatment 
ex])eriments with barley has been described in a previous paper (9). 
The dusts were usually applied at the rate of 3 or 4 omices per l)ushel, 
and the seed was thoroughlj' mixed with the dusts until every kernel 
was completely coated. Then the seed was shaken for a moment in 
a fine sieve to remove any excess dust. It was sown in rod rows 
usually replicated a number of times for each treatment. vSmut 
data were secured by counting all the heads of loose smut as well as 
the total heads in every row in order to determine the percentage of 
infection. 

Twenty-seven dusts and two liquid disinfectants were used ■* in the 
course of these experiments. The names of the dust fungicides used 
and of the man\ifacturers are listed below. 

Abavit B, Chcinisclie Fabrik Ludwig Mever, Mainz, Germany. 
Tutan, S. F. A. No. 225 and No. 225-V,'Saccharin-Fabrik Akticngcsollschaft, 

Magdeburg, Germany, 
Ilöchst (also called "Troekenbeize Tillantin"), J. G. Farbenindustrie Aktieii- 

gescllscliaft, Höchst a. M., Germany. 
Vitrioline, Usines Schloesing Frères et Cié., Marseille, France. 
Mcrcurv C and Sterocide, Roessler & Hasslaciier Clicmical Co., I'ertli Anibov, 

N. J. 
Corona 80-B and Corona Oat Dust, Corona Chemical Division of the Pitts- 

burgh Plate Glass Co., Milwaukee, Wis. 
Bayer Dust, the Bayer Co., New York. 
Wa Wa Dust, the Chicago Process Co., Chicago, 111.^ 
Smutto.x, the Stadler Products Co., Cleveland, Ohio. 
Sanosecd Grain Dust, Ansbachor Siegle Corporation, New York. 
Acco Dust No. 7, American Cyanamid Co., New York. 

s Unpublished data. 
* The dusts used in these experiments were the only ones submitted to the autiior for exi>erinienlai pur- 

poses. Their use in these experiments does not imply that any otlier dusts on the market at tliat time 
might not have proved eflicacious imder similar circumstances. The names of the manufacturers are 
furnished merely as information, and mention of them does not imply any recommendation of the firms 
or their products. 

*■ Now located at ^íewark. N.J. 
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Semesaii, Semesan Jr., Dupont Nos. 12, 35, 45, 53, and 64, E. I. du Pont de 
Nemours & Co., Wilmington, Del. 

Ceresan, Dubay P. M. A., and Dubay 655 and 665, the Bayer Semesan Co., 
New Yorl<. 

Wienert's Compound, F. Wienert, Lock Haven, Pa. 
The liquid fungicides used were Germisan  (made by the manu- 

facturers of Tutan) and ordinary formaldehyde solution. 
The following varieties of barley were used: 
Tennessee Winter 52, C. I.« No. 3543. 
Wisconsin Winter, C. I. No. 2159. 
Wisconsin Pedigree 6, C. I. No. 1140. 
Wisconsin Pedigree 5, C. I. No. 4666. 
Minnesota Velvet, C. I. No. 4252. 
Three lots of unknown varieties were secured from different farms 

in Wisconsin. 
EXPERIMENTS IN   1926-27 

During the 1926-27 season, in one series of six treatments replicated 
48 times and with 2.5 per cent of loose smut in the controls, Wa Wa 
Dust and Abavit B reduced the disease to 0.01 and 0.02 per cent, re- 
spectivolv, while the other four dusts reduced it to less than 0.5 per 
cent,     (table 1.) 

TABLE  1.—Loose smut in Tennessee Winter barley grown from untreated seed and 
from seed treated with dust fungicides and sown in rod rows, 1926-27 

[Series 1, 4S replications, sown Oct. 12, in soil 45 per cent saturated; series 2, 24 replications, sown Oct. 16, 
in soil 05 per cent saturated] 

rieed-treatment compound Heads of loose smut in— 

No. Name Series 1 Series 2 

Number 
665 

6 
29 
62 
15 
10 
4 

Per cent 

!02 
.10 
.20 
.05 
.04 
.01 

Number 
243 

0 
0 
8 
0 
0 
0 

Per cent 
1.01 , 0 

S. F. A. No. 225-V...  0 
3 .03 
4 0 

0 
6 Wa Wa Dust               0 

In another series of six treatments, replicated 24 times in rod rows, 
in which the controls showed 1 per cent loose smut (Table 1), five 
of the dusts eliminated the disease, while the other dust reduced it 
to 0.03 per cent. These results were not considered very significant 
on account of the low percentages of loose smut appearing in the 
controls. 

EXPERIMENTS  IN   1927-28 

During the 1927-28 season 14 dusts were used in seed-treatment 
experiments for the control of loose and covered smuts and stripe 
disease in Tennessee Winter barley. Two parallel series were sown. 
Series 1 was sown on September 21 in relatively dry soil and series 2 
on October 7  in relatively wet soil.    The mean soil temperature 

' Accession number of the Division of Cereal Crops and Diseases. 
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from sowing to emergence in both series was about 16° C.    Very 
little loose smut developed in the controls in either series.    (Table 2.) 

TABLE 2.—Effect of seed treaimenl with dust fungicides on the incidence of loose 
smut in Tennessee Winter barley grown in field plots, 19S7~Z8 

[Series 1 sown Sept. 21 and grown to emergence in relatively dry soil; series 2 sown Oct. 7 and grown to 
emergence in relatively wet soil] 

Seed-treatment compound 

Control  -. 
1      Abavit B --- 
2      S. F, A.No. 225  
3I ....i S. F. A. No. 225-V.. 
4   '■ Höchst   
5    Tutan.. 

S... 
9.. 
10. 
11- 

Vitrioline  
Mercury "C". 
Control  
Wa Wa Dust. 
Semesan  
Semesan Jr— 
Dupont 35  

12    ' Dupont 45. 
13.,     Dupont 53- 
14  ' Dupont 64. 

Heads of loose smut in— 

Series 1 

Number Per cent 
101 0.73 

8 .06 
11 .08 
58 .41 

9 .06 
59 .39 
90 .61 
25 17 

100 .68 
3 .02 

32 .21 
45 .30 
70 .48 
38 .28 
60 .40 
37 .28 

Number 

0 
7 

10 
3 

15 
8 

45 
0 
3 
1 
1 I 
9 

16 
10 

Per cent 
0.35 
0 
.05 
.07 
.02 
.04 
.12 
.08 
.38 

0 
.02 
.01 
.01 
.07 
.13 
.(IS 

In series 1 with an average of 0.7 per cent loose smut in the controls, 
Abavit B, Höchst, and Wa Wa Dust reduced it the most, while in 
series 2 with an average of only 0.36 per cent loose smut in the con- 
trols, Abavit B and Wa Wa Dust ehminated it. These results, like 
those of the previous season, were not considered very significant, 
because of the hght infection in the controls. 

EXPERIMENTS IN  1928-29 

During the 1928-29 season Tennessee Winter and Wisconsin Winter 
barleys were used in experiments on the control of barley smuts. 
The seed was treated with the different fungicides and, along with 
untreated controls, was sown in replicated rod rows in three series. 
Series 1, containing 20 replications, was sown September 29. This 
yielded no data because of total winterkilling. Series 2, containing 
four replications, and series 3, containing eight replications, were 
sown October 5 and October 18, respectively. The soil temperature 
and rainfall records for the periods of emergence in these two series 
are shown in Table 3, and the infection data taken May 6, 1929, aro 
shown in Table 4. 
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TABLE 3.—Soil temperature and rainfall records from dates of sowing seed to dales 
seedlings emerged, in experiments on the control of loose smut in Tennessee Winter 
and Wisconsin Winter barleys sown in rod rows, 1928-29 

[Series 1, 20 replications, sown Sept.. 29 (winterkilled); series 2,4 replications, sown Oct. 6, in soil 41 per cent 
saturated; series 3, 8 replications, sown Oct. 18, in soil 19 per cent saturated at sowing and 25 per cent two 
days later] 

Uays after sowing 

Series 2 Series 3 

Soil temperature 

Rain- 
fall 

Soil temperature 

Rain- 
fall 

Maxi- 
mum ^^ 1 Mean Maxi- 

mum 
¡Mini- 
mum Mean 

"'-23 
21 

I 
23 
23 

° a     ° c. 
13        10.8 
9        14.3 
«        13.7 

12        17.0 
12 :      16.5 
9 !     15.3 

Inch 
0 
0.11 
0 
0 
0 
0 

° C. 
24 
18 

" C. 
17 
8 

18.7 
13,6 
11.0 
12.4 
16.2 
10.8 
8.1 
7.0 

Inch 
0.13 

1 20 1           6 
20 1          0 
19 
17 
16 
15 
11 
16 

13 
6 
3 
2 

6 
.11 

8                                                     _        
Oí       5.2 
5 [       9.6 in— ■■                 

Average or total  -. 22.6 10.6 1 16.1 .11 17.4 6. 5 !     11.1 
1 

.24 

I Not the average of figures above, but of 2-hourly temperatures for whole period. 

TABLE 4.—Loose smut in Tennessee Winter and Wisconsin Winter barleys grown 
from untreated seed and from seed treated with different fungicides and sown in 
rod rows, 1928-29 

Series 1, 20 replications, sown Sept. 29 (winterkilled): series 
replications, sown Oct. 

2, 4 replications, 
18) 

sown Oct. 5; series 3, 8 

Eea 

Tennessee Winter 

ds of loose smut in— 

Seed-treatment compound 
Wisconsin Winter 

No. Name Series 2 Series 3 Series 2 Series 3 

1  
2  

Control  
Ceresan    
Dubay P. M. A  
Höchst   

Num- 
ber 

38 
0 
0 
0 
0 

1 

Per 
cent 

2.6 
0 
0 
0 
0 
.2 

Num- 
ber 

209 
38 
19 
32 
72 
0 

Per 
cent 

4.6 
.9 
.5 
.7 

1.8 
0 

Num- 
ber 

66 
6 
0 
1 
4 
4 

Per 
cent 

4.6 
.3 

0 
.1 
.3 

Num- 
ber 

194 
61 
23 
88 

154 

Per 
cent 

4.7 
1.4 

. 5 
3 1.8 
4  3.6 
5 Formaldehyde '  .3 '         29 .7 

I Treatment: Water 15 minutes, drained and covered 4 hours, 1:320 formaldehyde solution 20 minutes, 
drained and covered 3 hours, dried overnight. 

In series 2, in which the soil was 41 per cent saturated at the time of 
sowing, control of loose smut in both barley varieties was better than 
in series 3, in which the soil was 19 per cent saturated at the time of 
sowing and was relatively dry during the entire period of emergence. 

In the spring of 1929, seven dusts and one liquid fungicide were 
used in limited field experiments for the control of loose smut in 
barley grown from the same lot of Wisconsin Pedigree No. 5 seed 
used in a greenhouse experiment described later. (Table 7.) The 
seed was dusted at the rate of 4 ounces per bushel and sown in two 
series.    Series 1 was sown March 13 in soil of low fertility, and the 
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plants emerged March 24. Series 2 was sown April 6 in rich soil, 
and emergence took place April 14. The soil temperature and rain- 
fall records for both series are shown in Table 5. 

TABLE 5.—Soil temperature and rainfall records from dales of soioing seed to dates 
seedlings emerged, in field experiments on the control of loose smut in Wisconsin 
Pedigree \o. 5 barley, 1929 

[Series l sown in poor soil Mar. 13, emerged Mar. 24; series 2, sown in rich soil Apr. 6, emerged Apr. 14] 

Days after sowing 

Series 1 

Rain- 
fall 

Series 2 

Soil teniperature Soil teniperature 

Rain- 
fall 

Maxi- 
mum 

i 

T.         -C. 
11   !       11.4 
11 '     13.0 
11 i     12.6 
8 !     11.8 

Maxi- ,  Mini-    ^, 
mum  1 nuini 

1 
° C. 

12 
15 
15 
14 

Inch 
0.13 

"'"'.'Ó2" 
.05 

•a   1    °C.       'C. 
25 1          19        22.2 
28 !          14        20.4 
27            15        20.8 
27            17        20 8 
If) :            8         U. ,1 

7 !           5         6.4 
22 1           5        12.0 
20             0 :     12.5 

Inch 

2                              
3                                                     
4                                   -        

12 :           4          7.7 
16 !           2 1       7.3 
14 !            3           7.0 
16 1            5         10.1 
lit !            4         10.6 

0.79 
6                                           -   - .03 

.3» 
8    ,      ,    ,_         

10 19 
18 

11 1      14.7 
14 ¡     15.7 

.09 

. 15 11 

-erage. A^ 15.4 7.6 I     11. I 21.5 :      11. 1 .     16.1 

The soil in series 1 was 40 per cent saturated at the time of sowing, 
and 0.44 of an inch of rain fell before the plants emerged. The average 
soil temperature during this period was 11.1° C. Therefore, the seed 
germinated and the seedlings grew to emergence in a relatively cold 
dry soil. The smut data, which were taken June 9, are shown in 
Table 6. 

TABLE (i,—Loose smut in Wisconsin Pedigree No. 5 barley grown from vnlreated seal 
and from seed treated with different fungicides and soivn in rod rows, 1929 

[aeries 1, four replications in poor soil, sowu Mar. 13; series 2, two replications in rich soil, sown .\pr. 6] 

Seed-treatment compound Heads of loose smut in 

es 2 No. Name Series ! Ser 

Kumber 
                21 

Per cent 
3.0 
0 
.2 

0 
0 
2.6 
0 
.4 
.3 

0 

Number 
9 
0 
0 
0 
0 
8 
0 
0 
0 
0 

Per cent 
1.6 

                 0 Ü 

2 Dubay P. M. A   
Höchst  
Abavit B    
Second control   
Mercurv"(.'"    

                  1 
                 0 
                 0 

IS 
0 

U 
3                                 1) 
4                       0 

5 
l.(i 
0 

6 Corona 80-Ii                       3 0 
Ü 

8....   -- Germlsan '  --.  1                 " 0 

1 0. 25 per cent solution for 1 hour. 

Four of the dusts and the one liquid fungicide eliminated loose 
smut, while the rest of the dusts greatly reduced its occurrence in 
comparison with the controls from untreated seed, although the latter 
averaged only 2.8 per cent smut. 
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The soil in series 2 was about 75 per cent saturated at the time of 
sowing, and from sowing to emergence the rainfall amounted to about 
an inch. The mean soil temperature during this period was 10.1°_C. 
In this series, therefore, the soil was warmer and much wetter during 
the period of emergence than the soil in series 1. No smut apjjeared 
in the rows from treated seed (Table 6), while the smut in the control 
rows averaged only 1.7 per cent. lividently soil conditions in both 
series were highly unfavorable for loose-smut development, because in 
a subsequent greenhouse experiment 38.7 per cent of the jilantsfrom 
this same lot of seed were infected with loose smut.    (Table 7.) 

T.\Ki.K 7.— Control o/ looae and coi'cml smuts in Wisconsin Pedigne Xo. .5 barley 
groienfrom seed dusted with Ceresan and soivn in the greenhouse Janueiri/ '>, 1929, 
along with untreated seed 

[Plants emerged Jan. 11, the final data being taken Apr. P. 192!t] 

liow   I   Treated or 
No.    I   untreated 

I 

Untreated...! 
Treated 1 
I'ntreated..- 
Treated  
Untreated... 
Treated | 
I'ntreated...! 
Treated i 
Untreated.- 
Trealetl  
Untreated.-- 
Treated  

IX  
M   IS 
19  
M-24 . 
2,5... 
2(i-:iü. 
Ill  
32-31',. . 

Total Total 
plants heads 

17 .iO 
»3 221 
17 37 
91 227 
20 34 
93 223 
17 41 
9.-I ^2'2'^ 

iVum- 
ber 

20 
95 
20 
88 

Totals: 
,  Untreated 

seed  
Treated seed.. 

23-1 j 
40 

2119 I 

249 ; 
1,339 I 

    
Ptr dum- 
cent ber 

3,i. 3 23 
0 0 

3.^ 3 10 
0 0 

30.0 fi 
.W. S 

0 
30.0 

0 
4,^0 
0      I 

i'overe 1 smut 

nfeeted Plants iifeeted Heads Infected 

1-er N'lim- Per A'ítffí- Per 
cent ber cent ber cent 
41. 1 0 3.Î. 3 13 23.2 
0 0 0 0 0 

27.0 9 52. 9 17 4,'.. 9 
0 0 0 0 0 

17.6 13 11"). 0 19 X,. 9 
0 0 (J 0 0 

,il.2 ,1 29.4 12 .     29.3 
0 0 0 (1 0 

30. Ü K 40. 0 8 19. r-, 
0 0 0 0 0 

37. ."i 7 ■M,. 0 13 32. r, 

0 0 0 Ü 0 

:i(i. -1 ■IH 43. 2 S2 33 
11 0 0 " 0 

Dui'ing the winter of 1928-29 a seed-treatment exiieriment of rnther 
limited scope was conducted in the greenhouse on the control of loose 
smut in heavily infected Oderbrucker (Wisconsin Pedigree No. 5) 
barley by the use of ethyl mercury chloride, a then relatively new 
dust which is now marketed \infler the trade name of Ceresan. 
Previously it had been found effective in the control of stripe disease 
in barley (10) and of b\int in wheat (8). Tisdale and Cannon (/?) 
also had reported satisfactory results from its use, in the control of 
loose smut íTI Tennessee Winter barley. 

The greenhouse bench used was 40 feet long, o'l feet wide, and S 
inches deep and was filled with rather rich com])ost soil. The seed 
was treated at the rate of 4 ounces of dust per bushel. It was sown 
l)^ inches deep in rows G inches apart at the rate of 20 seeds per row, 
ever}' sixth row being an untreated control. The seed was t reated and 
sown January "i, and the seedlings emerged January 11. The tem- 
perature during this time was between 20° and 2.5° (\, and the soil 
was kept moderately moist. In order to hasten shooting and hemling 
of the plants a 24-hour growing day was provided liy the use of electric 
lights, beginning January 2."). On April ti, when nil the culms were 
fully headed, the plants were pulled carefully and plant and nead 
co\ints   were   made.    These   results   are  shown  in  detail   and   also 
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summarized in Table 7. Both the loose and covered smuts were 
completely eliminated bj^ Ceresan, while in the controls 38.7 and 43.2 
per cent of the plants and 36.5 and 33 per cent of the heads were 
infected with loose and covered smuts, respectively. 

EXPERIMENTS IN  1929-30 

The following wintei' an experiment similar to the one destlibed 
above but on a smaller scale was carried out with seed of two other 
varieties known to be infected with loose smut. The resultant data 
are shown in Table 8. 

TABLE  8.—Loose smut in two varieties of barley grown from untreated seed and 
from seed treated with Ceresan and sown in the qreenhoiise Kovember 4, 1920 

(Final data taken Feb. 20, IWOl 

Wisconsin Pedigree Xo. (i.- 
Unknown variety.  

Untreated seed Treated seed 

Total 
heads Smutted heads 

Number    Per cent 
lil I 31.7 
3 I (i. Ü 

Total 
heads 

197 
201 

Smutted lica 

Number ■ Per f iit 
\ ■ 0. : 
3 I 1.1 

111 one variety, Wisconsin Pedigree No. 6, loose smut was reduced 
to 0.05 per cent, as compared with 31.7 per cent in the controls. In 
the other variety (name unknown) loose smut was reduced to 1.5 
per cent, while 6 per cent occurred in the controls. 

While these greenhouse results with two varieties were very gratify- 
ing, it must be borne in mind that, although the conditions for smut 
development must have been favorable, judging by the high percentage 
in tlio controls, the conditions for the maximum edicieiicy of tlie 
dust fungicide used also may have prevailed to a greater degree than 
usually occurs in the field. 

In the spring of 1930 six lots of barley seed were used in seed-treat- 
ment experiments on the control of .stripe disease and loose smut. 
Three of these seed lots, Wi.sconsin Pedigree No. 5 and No. G and an 
unnamed variety from Oconomowoc, Wis., had been used in previously 
described experiments. (Tables 7 and 8.) The three other seed 
lots were obtained from different localities in Wisconsin and were 
known to be infected with strijie disease and to some extent with 
loose smut. 

Quantities of seed of all six varieties or lots were treated with 
différent standard or exj)erimental fungicides and sown in ])aired rod 
rows March 20, 1930. The soil was 40 ])er cent sutura ted both at the 
time of sowing and at the time when the seedlings emerged. Uiiring 
this period the rainfall amounted to an inch, and the mean soil 
temjjerature was 7.5° C. Loo.so-smut data, taken June 4, 1930, and 
shown in Table 9, are not very significant on account of the light 
infection in the controls. 
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TABLE 9.—Loose smul in six varieties of spring barley grown from untreated seed 
and from seed treated with different fungicides and sown in paired rod rows, 
March SO, 1930 

Heads of loose smut in- 

Wiscpnsln    Wisconsin i Minnesota : 
Pedigree   |   Pedigree   :      velvet 

Farmers' samples 

First control  
1 ! Ceresan  
2  Dubay655  
3   Diibay665  
4 ! AbavitB...  

Pecond control  
6   Höchst   
6 WaWaDust  
7 ; Corona Oat Dust. 
8   Sterocide.--  

' Third control  
9   Sanoseed   Grain 

Dust  
Acco Dust No. 7-, 
Wienert's    Com- 

pound  
Germiaan i -, 

10  
11  

12  

\Num- 
ber 

0 
0 
0 
0 
0 
1 

JO 
0 
0 
0 
0 

0 
0 

0 
0 

Per 
cent 
0 
0 
0 
0 
0 
.1 

0 
0 
0 
0 
0 

0 
0 

0 
0 

ber 
3 
0 
0 
0 
0 
2 
2 
1 
1 
1 
0 ' 

2 
2 

1 
0 

No. 2 

Per   Num-   Per  Num- 
cent 
0.6 
0 
0 
0 
0 
.3 
.3 
.2 
.2 
.2 

ber 
4 
3 
1 
2 
4 
3 
2 

cent 
0.7 
.5 
.2 
.3 
.7 
,4 
.3 

2 .3 
1 .2 
0 . 0 
0 0 

0 0 
0 0 

1 .2 
0 0 

1 

ber 
19 
18 

7 
18 
lU 
20 
17 
11 
20 
23 
22 

14 
18 

21 
19 

Per Num- Per Num- 
cent ber cent ber 

2.4 2 0.3 0 
2.3 0 0 1 
.9 0 0 0 

2.3 1 .1 0 
2.0 5 .8 2 
2,5 1 .2 2 
2.1 I .2 1 
1.4 1 .2 2 
2.6 0 0 2 
2.9 0 0 2 
2.9 0 0 3 

1.9 0 0 0 1 
2.4 0 0 0 

2.8 0 0 2 
2.7 1 .2 1 

Per 
cent 

0 
.1 

0 
0 
.2 
.2 
.1 
.2 
.2 
.2 
.4 

0 
0 

.2 

.1 

' 0.25 per cent solution, one hour. 

They seem to indicate, however, that none of the treatments used 
was wholly satisfactor.v, especially in the variety which showed the 
most infection. Here again, in Wisconsin Pedigree No. 5, it is inter- 
esting to note the almost complete ahsence of loose smut in the 
controls, as compared with 36.5 per cent loose smut in the controls 
from the same seed lot grown in the greenhouse. (Tahle 7.) Evi- 
dently conditions in the field were very nnfavorahle for loose-smut 
development, as compared with those in the greenhouse. 

During the crop seasons of 1928-29 and 1929-30 loose-smut data 
were taken on 17 varieties of barley grown by J. W. Taylor in %o- 
acre plots at the Arlington Experiment Farm. The seed of 13 of 
these varieties had l)een treated with Ceresnn as a general disease 
preventive. Seed of 4 varieties was sown in triplicate plots, the seed 
having been treated first with Ceresan or Semesan or left untreated. 

All the heads of loose smut in each plot were counted and these 
data are shown in Table 10. In Tennessee Winter No. 52 both treat- 
ments eliminated loose smut the first year, while the second year 
Semesan allowed 25 smutted heads to appear in this variety, or 2.6 
per cent, as'much as appeared in the control plots from untreated 
seed. In Wisconsin Winter the treatments reduced the amoiint of 
loose smut to an average 3.7 and 6.6 per cent of that appearing in the 
control plots the first and second years, respectively. In Orel the 
amount of loose smut allowed by the treatments the first and secoiid 
years was 56.5 and 51.5 per cent, respectively, of that appearing in 
the control plots. In Esaw the first year the plots from treated seed 
contained an average of 87 per cent as much smut as appeared in the 
control plots while the corresponding figure for the second year was 
80 per cent. 

91034—32 2 
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TABLE 10.—Loose smut in 17 varieties of winter barley grown from seed untreated 
or treated with Semesan or Ceresan and sown in Yto-acre plots, 1928-29 and 
1929-30 

Variety 

Seed treatment 

Total tieads loose 
smut in— 

Name C. I. No. 1928-28 1029-30 

\ 2159 
2159 
2159 

257 
846 
277 
901 

2159 
351 
351 
351 

2163 
2167 
2159 
3543 
3543 
3543 
410« 
3546 
3646 
2159 
3534 

Untreated  3,120 
130 
100 

2,100 
2 do                                           Semesan   113 
3 do                                  Ceresan   162 
4 Tennessee Winter   do  

 do...  
 do  
 do  
 do  

24 ^            29 
5  Tenkow   40 1            40 

140 1            80 
7 Pidor                                            11               21 
8 Wisconsin Winter  - 64             120 

Orel   62             100 
10 ..do   Semesan..  

Ceresan  
 do  

30              50 
u do                                        40              53 

0               11 
 do  
.... do   

20              75 
14 do 58 i          106 

495 '          960 
16 do                   -  Seraesan  

Ceresan   
 do  
 do   
 do...  
 do   
 do   
Untreated       

0              26 
do                0                0 

18 0               12 
19.      0                6 
20 do •                                        63               60 
21 Wisconsin Winter         166              ÎC 
22...  
23 

Tennessee Winter   5                5 
2, 790 Í          702 

24 do Semesan   
Ceresan   
 do...  
 do   
 do...  
 do   
 do   

2, 590 1          606 
do                               2, 280 '          620 

26 2159 
3384 
2746 
2169 

764 

150              43 
27  
28 

Beardless Noi 5    315 
460 66 
140              66 

30 Kaicano W'ase                         60 1            20 

Since untreated seed of the other 13 varieties was not sown, it is 
not known to what extent, if any, loose smut was controlled in these. 
The data show, however, that it was not completely eliminated in 
any of them, although its occurrence may have been reduced con- 
siderably. It seems that some other form of treatment, presumably 
a liquid, would have to bo used to secure complete control of loose 
snaut in most of these varieties. 

EFFECT OF ENVIRONMENTAL CONDITIONS ON THE DEVELOPMENT 
AND CONTROL  OF LOOSE  SMUT 

Much has been published on the effect of soil temperature, mois- 
ture, reaction and type, and other environmental factors during the 
period of germination and early growth on the development of a 
number of seed-borne cereal diseases. The rather voluminous liter- 
ature on this subject has been admirably reviewed by Reed and 
Faris {13). However, the relation of environment to the develop- 
ment of loose smut in barley seems to have received relatively little 
study, as not much on this subject appears in the literature. Seiffert 
{15) found that shallow-sown seed produced less infection than seed 
deeply sown. This same result was observed in experiments at the 
Arlington Experiment Farm by Taylor and Zehner {16). Lind {11) 
reports that the addition of Chile saltpeter, superphosphate, and 
potash to the soil, alone or in various combinations, slightly increased 
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the percentage of barley loose smut in six out of seven plots. Kirby 
(6) intimates that infection is favored by soil temperatures higher 
than those most favorable for the best growth of the barley seedling. 

While the naain purpose of the experiments described in the pre- 
ceding pages was to test the relative efficiency of different fungicides 
in smut control, incidental observations were made in an attempt to 
correlate the relative severity of loose-smut infection with variations 
in soil moisture and soil temperature. In Table 1, for example, the 
soil in series 1 was about 45 per cent saturated at the time of sowing, 
while iij series 2 it was about 65 per cent saturated. The percentage 
of loose smut in series 1 was twice as great as that in series 2, while 
control of loose smut was better in series 2. In addition to the higher 
soil moisture, however, a slightly lower average soil temperature in 
series 2 may have played some part in this difference. 

The same correlation between soil moisture and percentage of loose 
smut seems to obtain in Table 2. When series 1 was sown thé soil 
was 13 per cent saturated, and when series 2 was sown it was 65 per 
cent saturated. Here, again, more loose smut developed in the drier 
soil, and better control was secured in the wetter soil. 

Again, in Table 4 it will be observed that in Tennessee Winter 
barley 2.5 per cent loose smut appeared in the controls of series 2, as 
compared with 4.5 per cent in the drier soil of series 3, and in both 
varieties the control of loose smut was better in the wetter soil of 
series 2. 

Similar differences are evident in Table 6. In series 1, in which the 
soil was 40 per cent saturated when the seed was sown, more smut 
appeared than in series 2, in which the soil was 75 per cent saturated 
at the time of sowing. Control again was better in the wetter soil, 
although here again temperature and fertility relations may have 
played some part. 

The significance of these results, like those relating to control of 
loose smut by the fungicides used, is greatly decreased by the low 
percentages of infection in the controls, also by the many unknown 
factors which enter into field experiments of this kind. To supplement 
these rather fragmentary field data on the relation of certain environ- 
mental factors to the development of loose smut in barley and 
its control, a number of experiments were conducted in the greenhouse 
under more or less controlled conditions. In the first of these Wis- 
consin Pedigree No. 6 barley was grown in metal cans 8 inches in 
diameter and 12 inches deep, using four lots of soil at 35, 55, 75, and 
95 per cent of saturation, respectively. The soil temperature varied 
from 12° to 18° C. After all the plants had fully emerged they 
were transferred to the greenhouse bench, where they were grown 
until final data on loose smut were taken. These data are shown in 
Table 11. They indicate that, at least in this variety, a high degree 
of soil moisture from sowing to emergence somewhat inhibits the 
development of loose smut. 
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TABLE U.—Relation between percentage of soil saturation from planting to emer- 
gence and subsequent development of loose smut in Wisconsin Pedigree No. 6 
barley 

Soil saturation 

Plants 

Total Infected with loose 
smut Total Infected with loose 

smut 

35 per cent 
55 per cent 
75 per cent, 
95 per cent. 

356 
325 
311 
139 

Number 
63 
61 
37 
4 

PeT cent 
17.7 
15.7 
11.9 
2.9 

474 
346 
327 
159 

Number 
77 
54^ 
37 

5 

Per cent 
16.2 
16.6 
11.3 
3.1 

During the 1929-30 season treated and untreated seed of Wisconsin 
Pedigree No. 5 barley was used in a greenhouse experiment designed 
to show the effect of soil moisture on the development and control of 
loose smut. A greenhouse bench 42 inches wide was divided into 
three sections each 16 feet long. The soil in these sections, 1_, 2, and 3, 
was adjusted to 37, 64, and 73 per cent, respectively, of its water- 
holding capacity. The seed was treated with Ceresan and sown 
1}{inches deep in rows 6 inches apart, and every eighth row was sown 
with untreated seed of the same seed lot. Sections 1 and 2 were 
covered with canvas until the seedlings emerged, while section 3 
was watered daily so that at times the water content of the soil 
undoubtedly was much over 73 per cent of its water-holding capacity. 
The average temperature in the greenhouse was 15° C. After the 
seedlings had emerged a test showed that the soil in sections 1, 2, and 
3 contained 25, 57, and 70 per cent, respectively, of its water-holding 
capacity. 

When the plants were fully headed they were carefully pulled and 
counts were made to determine the percentage of disease in each 
section. Since considerable covered smut and stripe disease devel- 
oped, data were taken also on these diseases. These data are shown 
in Table 12. 

TABLE 12.—Relation of soil moisture to development and control of stripe disease, 
loose smut, and covered smut in Wisconsin Pedigree No. S barley grown from 
untreated seed and seed treated with Ceresan and sown in the greenhouse under 
three conditions of soil moisture, 1928-29 

Soil saturation Treated or un- 
treated seed 

Total Plants infected with— 

ber of 
plants Stripe disease Loose smut      Covered smut 

("Untreated      64 

Num- 1   Per 
ber        cent 

6           9.4 

Num. 
bet 

8 
1 
6 
0 

28 
0 

Per 
cent 
12.6 

.8 
12.0 
0 

34.1 
0 

Num- 
ber 

2 
0 
3 
0 

16 
0 

Per 
cent 

3.1 
181 I          0 

60 1          4 
136             0 
82           12 

199             1 

0 
8.0 
0 

14.6 
.6 

0 
6.0 

rrreated....  
rUntreated    .  18.2 
ITreated  0 

Total or average  198 ,         22 
516 !           1 

11.2 
.2 

42 
1 

21.4 
.2 

20 
0 

10.2 
ITreated  0 

In the controls all three diseases developed most abundantly at the 
lowest soil moisture. Contrary to expectations, however, the only 
smutted plant from treated seed was found growing in the wettest 
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soil. However, it was in a row adjacent to a control row, and since 
this section had been watered freely after being sown, it is probable 
that an untreated infected kernel was washed from the near-by con- 
trol row. On the other hand, the only stripe-diseased plant from 
treated seed was fotind in the driest soil. The results from this 
experiment arc in agreement with those from the preceding e.xperiment 
as far as soil moisture and loose-smut development are concerned. 

In another experiment seed of Wisconsin Pedigree No. 5 barley was 
sown in 8-inch cans in each of 16 soil-temperattire tanks to determine, 
if possible, the influence of soil temperature and soil moisture upon 
loose-smut development. Four soil temperatures were maintained: 
10°, 15°, 20°, and 25° C. In each tank the soil in half the number of 
S-inch cans was adjusted to 74.1 per cent and in the other half to 
■12.5 per cent of its water-holding capacity. The construction and 
operation of the equipment used have been previously described (7). 

When the plants reached the third-leaf stage they were transplanted 
to a greenhouse bench, where they were allowed to grow until fully 
headed. When fully headed the plants were pulled and counts made 
of healthy and diseased plants and heads. (Tables 13 and 14.) 
The data ])rosented in Table 13 indicate that the higher soil temper- 
atures were somewhat more favorable for loose-snmt infection, espec- 
ially in the wetter soil. However, there was not enough reduction 
in the percentage of loose smut at the lowest temperature (10° C.) 
to explain its almost total absence in plants grown from this same 
lot of seed in the field at shghtly lower and higher average soil 
temperatures.     (Tables   6   and 9.) 

T.\Bi.K 13.—Loose smut in Wisconsin Pedigree No. 5 barley grown from naturally 
'iioculated seed sown in the greenhouse, the plants being grown to the fourth-leaf 

■ilage under controlled conditions of soil temperature and soil moisture, 192SS0 

Mean 
soil tem- 
perature 

«C. 

Soil 74.1 per cent saturated 

Smutted heads 

Soil 42.5 

Total 
heads 

Number 
95 
80 
(i7 
84 

per cent s 

Smutte 

Number 
38 
32 
16 
20 

íturauvi 

"Keplifiilion X(i. 
Total 
heads 

Number 
92 
81 
87 
93 

d head.' 

Number 
43 
37 
33 
29 

Per cent 
40,7 
45.7 
37.9 
31.2 

Per cent 
40 0 

1                                                .            25 3 40.0 
Í                                                     25 2 23.9 

23.8 

Total or average  2.5.0 353 142 40.2 320 lOfl 32.5 

            19 8 '         92 
80 
88 
90 

34 
31 
40 
34 

37.0 
38.8 
45. 6 
37.8 

81 
81 
94 
84 

22 
25 
37 
21 

27.2 > 30.9 
39.4 

4 I'J. 8 26.0 

Total or average  20.0 350 139 39.7 340 105 30.9 

80 
«8 
73 
92 

28 
15 
25 
29 

32. (i 
22. 1 
34.2 
31.5 

93 
80 
80 
90 

28 
22 
22 
19 

30.1 
             15.3 27.6 

i                      15.1 27.5 
15.1 21.1 

1,5.4 319 97 30.4 343 91 28.6 

             11.3 72 
72 
R4 
79 

15 
14 
11 
28 

20.8 
19.4 
17.2 
35.4 

73 
75 
79 
71 

27 
Iß 
15 
20 

37.0 > 10.0 21.3 
1...   
Í     

10 7 
10 7 

19.0 
28.2 

Total or average  ....'         107 287 (18 23.7 298 78 26.2 



14      TECHNICAL   BULLETIN   293,   U.   S.   DEPT.   OF   AGRICULTURE 

TABLE 14.—Stripe disease, loose smut, and covered smut in Wisconsin Pedigree 
No. 5 barley grown in the greenhouse from naturally inoculated seed, the plants 
being grown to the fourth-leaf stage under controlled conditions of soil temperature 
and soil moisture,   1929-SO 

lieplication Xo. 

Mean 
soil 

temper- 
ature 

Soil 74.1 

Stripe 
disease 

per cent saturated 

Loose     Covered 
smut         smut 

Soil 425 per cent saturated 

Stripe 
disease 

Per cent 
5.3 
7.8 
4.5 
6.9 

Loose 
smut 

Covered 
smut 

1 
- C. 

24.7 
2J.3 
25.2 
24.7 

Per cent 
9.1 
0.5 
2.5 
1.2 

Per cent 
40,3 
40.3 
37.0 
32.5 

Per cent 
29.9 
28.6 
,38. 3 
49.4 

Per cent 
40.0 
35.1 
23.9 
21.9 

Per cent 
32.0 

2_    27.3 
30.0 

4 31. S 

.\voríi|íi'  25 4.7 37.4 36.8 0.2 30.5 30.1 

1 19.8 
20.0 
20.4 
19.8 

13.0 
17.7 
10.4 
18.4 

30.8 
33 0 
39.7 
31.0 

46.9 
38.0 
41.1 
41.7 

11.4 
7.0 

18,0 
19,3 

20.6 1          54.4 
2...   28.9 :          47.4 
3    
4 

32 6 ;          44.9 
22.9             43.4 

.\vt'r;ipe--     20.0 10.6 33.4 ■Í2 2 14,4 27.8 !          47.6 

1 Ifi 
l.i. 3 
1,1. 1 
15.1 

18.5 
8.4 

1,5.8 
14.9 

28.4 
20.8 
29.2 
26.4 

38.3 
41.6 
28.0 
32 2 

12,9 
20 9 
21,,". 
12,9 

24.6 !          36.3 
25.5 :          30.0 

•Í 22.7 
20.4 

28.4 
4._ 32.2 

15.4 14.0 26.4 34,8 17,2 23.2 33.1 

1 11,3 
10 
10.7 
10.7 

22.0 
20.0 
20.0 
15. 1 

16.5 
15.3 
13 8 
29.1 

20, 4 
28,2 
30, 3 
30, 2 

1,1,7 
9.6 
8.5 

13 0 

30. 1 
10.9 
18 3 

18.1 
2-. 36.1 

39. n 
4.. 

Avprago  

23.4 1           31.2 

10.7 19. 3 18.7 30,1 11,7 22.2 t           31.1 

It will be observed in Table 14 that in 12 of the 10 tanks, and at 
three of the four temperatures, more loose smut developed in the 
plants grown in the soil which was 74.1 per cent saturated than was 
found in the plants grown in the drier soil. These results which, 
according to Student's method {12), are significant by odds of 60 to 1, 
are somewhat the reverse of results obtained in previous experiments, 
as shown in Tables 1, 2, 4, 6, 11, and 12. In these experiments the 
soil temperatures invariably were relatively low during the ])eriods 
of emergence, and in no case were they as nniforin as that of the soil 
in the constant-temperature tanks. It is jiossible that fluctuating 
soil temperatures may afl'ect loose-smut development differently 
than does a constant soil temperature. This remains to be deter- 
mined. 

Reed and Faris (IS) refer to soil moisture, soil temperature, and 
soil reaction as "interdependent factors" and infer that the "o])timum 
temperature for infection" may change with a change in the other 
interdependent factors. In line Ví\Ü\ this theory it will be noted that 
slightly more infection occurred in the drier soil at 10° C. than in the 
wetter soil and that at the other temperatures the reverse was true. 

The true relation of soil temperature and soil moisture to loose-snuit 
development in these expei'imeiits, however, may have been obscured 
to a considerable degree by the interaction of stripe disease and 
covered smut which developed to such an extent that data on the 
percentage of plants atfected fiy these diseases as w^ell as those afl'ected 
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by loose smut are shown in Table 14. Stripe disease varied in 
severity from 1.2 to 22 per cent, vt^hile covered smut varied from 18.1 
to as high as 54.4 per cent in the different replications. To what 
extent these diseases inhibited the development of loose smut is a 
question, but undoubtedly the presence, to such a great e.xtent, of 
two other competing fungi, the development of both of which also are 
affected by variations in soil moisture and soil temperature, masked to 
some extent the true response of loose smut to these environmental 
conditions and in a sense defeated the purpose of the experiment. 

During the 1930-31 season an experiment similar to the one de- 
scribed above was conducted in the constant-temperature tanks (7) in 
the greenhouse with a lot of barley seed known to be relatively free 
from diseases other than loose smut. The seed \ised was of an un- 
known variety grown on a farm near Oconoinowoc, Wis., and had been 
used in two ])revious experiments. (Tables 8 and 9.) The approxi- 
mate soil temperatures used were 10°, 15°, 20°, and 25° C. At each 
temperature the soil was adjusted to four different percentages of 
its water-holding capacity, namely, 30, 50, 70, and 90 per cent. 
Two depths of planting, 1% and 3 inches, were employed at each tem- 
perature and each moisture. 

The seed was sown November 3, 1930. The lengths of time re- 
quired by the differently environed seedlings to emerge are shown in 
Table 15. When the plants had reached the fourth-leaf stage, they 
were transferred to the greenhouse bench. Here they were exposed 
to an 18-hour day until they were full}' headed, when final data were 
taken. These data, presented in Table 16, were disappointing l)ecause 
the percentages of smut which developed were too small to show any 
significant differences in infection due to soil moisture, soil tempera- 
ture, or depth of planting the seed. In a previous greeuhoxise experi- 
ment in which a soil temperature of about 15° C. had been main- 
tained (Table 8), 6 per cent of loose smut had occurred in the plants 
grown from this same seed lot. It had been thought possible that 
much higher percentages of infection might be obtained under différ- 
ent conditions and thus yield results of value, but this did not prove 
to be the case. 

TABLE  15.—Influence of soil temperature, soil moisture, and depth oj planling on 
the number of days required for emergence in barley 

Pays ro'iuirnd for cinrrgence of harley soe/llin^.s grown from seed sown at (iopth.s 
and in soil with percentage of saturation sliown 

Tomperaturcofsoil 30 per cent 50 per cent 70 per cent 

1.5inches! ,1 inches 
1 

90 per cent 

1.5 inches 3 inches 1.5 inches 

13 
8 
0 

3 inches 1.5inches! 3 incilcs 
1 

10° (; 16 
10 
9 
8 

18 
12 
10 

15 
9 

6 

11  :               13 
7 '              8 

11               13 
i,s° r.          7                8 
.'O-C   5 ,              6 1              4 :              6 
25° {'    .                    9               5 ,1 i             6               3 :             -1 

! 
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TABLE 16.—Results from an exyerimeni designed to show the effect of soil moisture, 
soil temperature, and depth of planting upon loose-snmt infection in barley, 
1930-31 

Soil satura- 
tion 

30 percent.. 
50 per cent-. 
70 percent,. 
90 per cent-. 

Total  

„,   ,      , n™ 1 * i„«^„»     Results summariied as 
Smutted plants from seed sown 3 inches deep m soil maintained at—,        ^^ g^^jj moisture 

20° C. 

1 
Num- Pa 

ber cent 
2 2.0 
1 1.0 
6 6.4 
6 5.0 

15 3.7 
1 

Num- ! 
ber 

1 
4 
1 
3 

Per Num- Per 
cent ber cent 

1.0 4 4.8 
4.9 5 6. S 
1.3 3 3.8 
3.4 4 4.3 

25° C. Total 
plants Infected plants 

Num- 
ber 

1 
6 
1 
1 

Per 
cent 

1.2 
6.1 
1.2 
1.0 

365 
336 
331 
396 : 

Num- 
ber 

8 
15 
11 
14 

2.3 I    1,427 ; 

Per 
cent 

2.2 
4.5 
3.3 
3.6 

3.4 

Smutted plauts Iroiii seed sown 1.5 inches deep in soil maintained   Hesults summarized as 
at— ,        to soil moisture 

Soil satura-1  
tlon 

30 per cent.. 
60 percent.. 
70 per cent.. 
90 per cent.. 

Total  

; Num- 
'     ber 

Per 
cent 

1.0 
3.9 
0 
1.6 

1.6 

JVwm- 
ber 

2 
2 
5 
1 

Per 
cent 

2.0 
1.9 
5.4 
.8 

20"" C. 

2.4 

Num- 
ber 

3 
3 

Per 
cent 

3.5 
3.4 
4.2 
1.8 

Num- 
ber 

4 
3 
0 
1 

Per 
cent 

5.8 
3.7 
0 
.9 

Total 
plants 

354 
376 
354 
478 

Infected plants 

Num- Per 
cent 

2.8 
3.2 
2.3 
1.3 

2.3 

In the experiments wdth Wisconsin Pedigree No. 5 barley, described 
above, the percentage of infected plants from one lot of naturally 
inoculated seed varied from a slight trace to over 40 per cent. The 
low percentages of infection (trace to 2.5 per cent) occurred in the 
field, and the high percentages (12 to 40 per cent) in the greenhouse. 
Tn the field the average temperatures during the periods of emergence 
ranged from 9° to 16° C, while the soil moisture varied from 40 to 75 
per cent of saturation. 

This range of soil temperature and moisture conditions was dupli- 
cated in experiments in the greenhouse (Tables 12, 13, and 14), yet in 
no case was less than 12 per cent of loose smut obtained. It seems 
evident that some other unknown factors inhibited the development 
of loose smut in the field and stimulated it in the greenhouse. The 
possible influence of fluctuating soil temperature in this connection 
has been mentioned. Faris (2), however, working with barley-cov- 
ered smut, secured more infection at a varying temperature than at 
any constant temperature. He also found that the optimum tem- 
perature for infection varied with the soil reaction from 10° to 2U° C. 
While soil reaction may exert some influence on loose-smut develop- 
ment, it is hai'dly probable that, in this case, it was responsible for the 
lack of infection in the field, because the soil in the greenhouse and in 
the field was of the same t_vpe. 

It was thought that the development of loose smut might have been 
greatlj' influenced by the abnormally long growing day maintained in 
the greenhouse bj' means of electric lights. Garner et al. (5) found 
that in certain plants the length of the daily light period may deter- 
mine not only the quantity of carbohydrate produced but also its 
form, its utilization, the acidity of the sap, ancl the water content of 
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the tissues. To determine whether the length of the daily lifiht period 
would influence the development of loose smut, seed of Wisconsin 
Pedigree No. 5 barley was sown December 5, 1930, in two sections of 
the greenhouse bench. One section was given a daily 18-hour light 
period until the plants had headed. The other section received no 
artificial light. To vary the experiment, half of the seed in each 
section was artificially smutted with spores of loose smut. 

The plants exposed"to a daily 18-hour light period were fully headed 
by March 10, at which time data were taken on the percentage of 
plants infected with loose and covered smuts. Siniilar data on the 
plants which had received a normal daily light period could not be 
taken until April 15. These data, presented in Table 17, show that 
the high percentage of loose smut in this variety of barley in previous 
greenhouse experiments could not be attributed to the abnormally 
long daily light period to which the plants had been exposed. Table 
17 shows that slightly more loose-smut infection occurred in the 
plants receiving a normal daily light period than in those exposed to 
additional artificial illumination. This held true for the plants from 
both smutted and unsmutted seed. 

TABLE 17.—Effect of two different daily light periods on the percentages of loosr and 
covered smuts in Wisconsin Pedigree No. 5 barley grown in the greenhouse 
{December, 1930, to April, 19S1) from seed which was naturally inoculated with 
both smuts, and half of which was also artificially inoculated with spores of loose 
smut 

Length of daily l¡i-'ht 
¡leriod 

Ivhour (lay. 

Xormal day. 

Plants infected with- 
Seed artiücially smutted 

or not 
("i>verc<i snnit 

fXot smutted 
-¡ISnmtted 

fXot .snultted 
-¡(.«nuitted  

It is probable that other conditions of growth in the greenhouse, 
different from those in the field, were responsible for the high percent- 
ages of loose smut consistently obtained in the greenhouse. Among 
these may be mentioned the diminished intensity of the light in the 
greenhouse, which, by making the plants more succulent, may hav& 
favored the growth of the smut fungus. 

SUMM.\RY 

From the field experiments and observations described it seeiiia 
evident that dust fungicides are not effective in the control of loose 
smut in barley except m certain varieties. In those varieties, such as 
Wisconsin Pedigree No. 5 and Tennessee Winter No. 52, m which 
natural seed inoculation by the loose-smut fungus evidently takes 
place somewhat like that by the organisms causing covered smut or 
stripe disease, the more effective dust fungicides will control the 
disease. In varieties in which most seed inoculation by the loose-smut 
fungus takes place apparently like that by the fungus causing loose 
smut in wheat the hot-water treatment is the only one known to be 
effective in controlling the disease. 
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Very wet soil (about 90 per cent saturated) seems to inhibit some- 
what the development of loose smut and favors its control by dust 
fimgicides. Very dry soil, containing barely enough moisture to 
bring about germination and emergence, seems to be conducive to 
loose-smut development and unfavorable to its control by dust 
fimgicides. Between these two extremes, other conditions remaining 
the same, variation in soil moisture does not seem to affect greatly 
the development of loose smut in barley or its control, the percentage 
of infection usually being less than in very dry soil and more than in 
ver\ wet soil. 

À relatively high soil temperature before emergence seems to favor 
loose-smut development more than does a low soil temperature. 
From 20 to 100 per cent more infection occurred at 25° C. than at 1(1° C. 
in Wisconsin Pedigree No. 5 barley grown from naturally inoculated 
seed. Other factors, however, such as the interaction of other dis- 
eases caused by seed-borne organisms, may have been largely 
responsible for these results. 

On the whole the data relating to the effects of environmental 
factors on infection by the barley loose-smut fmigus are somewhat 
fragmentary and incomplete and are presented here more as a pre- 
lim.inary than as a final report. More extensive experiments with a 
number of varieties are desirable to establish more definitely the 
relations of these different factors to loose-smut infection in barley. 
There are indications tliat the influence of environment is not confined 
to the period of germination and early growth, but may extend over a 
considerable part of the life of the plant. 
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